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(54) Multiwavelength optical amplifier evaluation apparatus 

(57) An apparatus for evaluating optical amplifiers comprises a plurality of light sources l_v l.j, 
producing optical test signals at different wavelengths X,, Aj ... Each of these signals Is intensity modulated 
at a different modulation frequency fv ^2- - ^n- A light mixer 3 combines all the signals to form a wavelength 
multiplexed test signal which is then supplied to the optical amplifier under test 4. The output of the amplifier 
4 is converted to an electric signal by a detector 5 then fed to a frequency discriminating and power detecting 
device 6. The frequency discriminating and power detecting device 6 measures the powers of the parts of the 
frequency spectrum of the electric signal corresponding to the modulation frequencies of the optical test 
signals. This device also determines a noise power measurement from the power of the electric signal at a 
frequency band which is apart from the modulation frequencies of the test signals. A computing section (not 
shown) then determines gains and noise figures for the optical amplifier wavelength by wavelength. 

Embodiments comprising a plurality of optical-to-electrical detectors and/or allowing polarisation 
sensitive measurements are also disclosed. 
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A device and a method for evaluating an optical 
amp 1 i f i e r 

Background of the Invention 



Field of the Invention 

The present invention relates to a device and a method 
for evaluating amplification characteristics of optical 
amplifiers, particularly to a device and a method for evalu- 
ating gains and noise figures of optical amplifiers which 
carry out wavelength multiplex amplification. 



Background Art 



Semiconductor optical amplifiers are known as a repre- 
sentative example of an optical amplifier which is presently 
studied. The semiconductor optical amplifier is made up of 
a semiconductor laser oscillator which has a laser light 
output surface covered with a special anti-reflection coat 
to suppress the oscillation. 

As an another example, there is an optical fiber ampli- 
fier which is made up of an optical fiber in which a rare 

earth element such as an erbium and an praseodymium is 

doped . 

In the optical fiber amplifier, when an excitation 
light is inputt d in the optical fiber in which a rar earth 
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element is doped, a population inversion is formed among 
different ne.rgy levels of the rare earth element. If a 
signal light is inputted to the. optical fiber and the signal 
light has an energy corresponding to an energy difference 
between energy levels of the rare earth element which is in 
a population inversion state, a stimulated emission is 
caused in the optical fiber by the signal light and an 
amplified signal light is obtained by the stimulated emis- 
sion. In this amplification, an ASE (Amplified Spontaneous 
Emission) light having spectrums in a broad band is output- 
ted from the, optical fiber amplifier together with the 
amplified signal light. 

Next, the description will be given with respect to 
noises included in output lights of optical amplifiers. 

In an optical amplifier, an average photon number <No> 
of an output light of the optical amplifier is defined as 
f o 1 lows : 

<NQ>=G<Ni>+(G-l) mt n^p^ v -..(1) 

Furthermore, the variance Z q of the photon number is 
defined as follows: 

2 0^ =G<Ni>+(G-l) mt ngp Av 

+2G(G-l)ngp<Ni> 

+ (G-l)2mt n.gp^Av ...(2) 

In the above equationSi G is. a gain of. the optical 

amplifier", and <Nj_> is the average photon number of an input 

light of the optical amplifier, and n__ is a population 

s p 

inversion parameter , and A v is a light frequency band 
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width of an ASE light included in an output light of the 
optical amplifier. Furth rmore, mt is a transversal mod 
number of ASE light. In the case of polarization independent 
optical amplifiers, mt is 2 . In the case of semiconductor 
laser amplifiers, mt is 1. 

In the equation (1), the first term defines an ampli- 
fied signal light included in the output light and the 
second term defines the ASE light included in the output 
light. In the equation (2), the first term defines a shot 
noise of the amplified signal light, and the second term 
defines a shot noise of the ASE light, and , the third term 
defines a beat noise which is caused between the signal 
light and the ASE light, and the fourth term defines a beat 
noise which is caused by different spectrums of the ASE 
light. 

The noise figure F of the optical amplifier is defined " 
by a ratio of a S/N ratio (S/N)^^ of the input signal of the 
optical amplifier and a S/N ratio (S/K)^^^ of the output 
signal as follows: 

F= (S/N)i„ / (S/N)„^^ ...(3) 

In the equation (3). each S/N ratio is determined as 
follows: 

S/N=e2<Ng.g> / (2e22 2 ...(4) 

In the above equation (4). e is an electric charge of 
an electron, and Be is an equivalent noise band width of an 
0/E (Optical/Electrical) converter which receives the input 
or output light of the optical amplifier, and <fi^.^> is an 
average photon number of the , input light, and Z ^ is a 
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variance of the photon number. 

Th ratio (S/N)^^^ of the quation (3) can be obtained 
by calculating <Nq> of the equation (1) at G=l and Z ^ of 
the equation (2) at G=l , and by calculating the S/N of the 
equation (4.) using the <Nq> and 2 thus calculated instead 
of the <Nsig^ the 2 ^. On the other hand, the ratio 

(S/N)^^^ can be obtained by entering the <Nq> of the equa- 
tion (1) and the 2 q of :the equation (2.) into the equation 
(4) instead of the <Ng£g> and the Z ^. 

The noise figure F of the optical amplifier is obtained 
by entering the ( S/N) and the (S/N)^^^ thus obtained into 
the equation (3) as follows: 

F=(l/G) + (G-l)mt A v/(G^ <Nj >) 

+ 2(G-l)mt n-_ A v /G 
+ (G-D^mt ngp2 ^v/(G ^ < >) 

. . • (5) 

In the above equation (5), the population inversion 
parameter ngp and the average input photon number <li ^> are 
defined as follows: 

nsp=Py^S£/(hv (G-l)mtA V ) ...(6) 

<Ni>=Pin/(hv/ ) ...(7) 

In the above equations, Py^gE ^ total light power of 
the whole ASE light, and h is a Planck's constant, and v is 
a frequency of the signal, light, and P^^ is a light power of 
the input signal light. . 

In the case of an optical fiber amplifi r ', the number 
mt of the transversal modes of the ASE light is 2. There- 
fore, the equation (5) is.r wri tten ;as- f o 1 lows i 
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F=(1/G)+(PaSe/(g2p.„)) 
'^PASE^/(2hvG 2 P . ^ A v ) 

... (8) 

In the above equation (8). Pases^® * light power of 
the ASE light at the light frequency of the signal light and 
Aws is a light frequency band of a light receiver for 
receiving the output light of the optical amplifier and for 
determining the POSES' 

Next, the description will be given with respect to a 
conventional technique for evaluating an optical amplifier 
which amplifies a signal light and outputs an amplified 
signal light with a noise as described above. 

Fig. 12A is a block diagram showing the configuration 
of a conventional device for evaluating a noise figure of an 
optical amplifier which amplifies a signal light having a 
single wavelength or a multiplex wavelength signal light. 

In Fig. 12A, light sources 101_j , lOl.g, .... 101_^ 
respectively generate signal lights respectively having 
wavelengths A . A .3 . . . . . ^ . The signal lights 
generated by the light sources lOl.^ . lOl.g. .... 101_^ are 
mixed by a light mixer 102 to generate an wavelength multi- 
plex signal light. The wavelength multiplex signallight 
thus generated is then supplied to an optical ampl if ier 103 , 
the characteristics of which are to be determined. Fig. 12B 
shows an exampl of light spectrums of this wav length 
multiplex signal light supplied to the optical amplifier 
103. The wavelength multiplex signal light is amplified by 
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the optical amplifier 103 and the output light of the opti- 
cal amplifi r 103 is analyzed by an optical sp ctrum analyz- 
er 104 . 

In the conventional art, a noise figure of the optical 
amplifier is determined based on a spectrum distribution of 
spectrums of the output light which is analyzed by the 
spectrum analyzer 104 . 

Fig. 12C shows light spectrum of the output light of 
the optical amplifier 103. As shown in Fig. 12C. the output 
light of the optical amplifier 103 includes a broad band ASE 
light and the ASE light has a very complex spectrum distri- 
bution. Thus, it is difficult to determine the second item 
and the fourth item of the equation (8). Therefore, the 
noise figure F of the optical amplifier 103 is approximately 
calculated taking the shot noise of the signal light and the 
beat noise caused due to the signal light and the ASE light 
in account and ignoring the second item and the fourth item 
of the equation (8). The equation for approximately calcu- 
lating the noise figure F is ,as follows: 
F= ( l/G)-^(P / (hvGAvs)) ....(9) 

If the optical amplifier 103 has a gain G and the 
output light of the optical amplifier 103 has a light power 
Pq^^ , the gain G is defined as follows: 

G=(Pout-PASE>/Pin .--(10) . - 

In order to determine noise . f igures of the wavelength 
multiplex amplification, it i s -necessary .to determine the 
parameters defined in the quations (9) and (10) for the 
wavelengths of t.he signal l ights which .const i tute the wkve- 
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length multipl x signal light. The nois figure F can be 
calculat d wav length by wavelength using the paramet rs 
thus determined. 

In the conventional method, however, the noise figure F 
of the wavelength multiplex amplification is approximated by 
taking only the shot noise of the signal light and the beat 
noise caused due to the signal light and the ASE light. 
Therefore, the method is not to evaluate the optical ampli- 
fier which actually operates as a wavelength multiplex 
ampl i f ier . 

Furthermore . , the conventionai method - f or evaluating " 
noise figures of wavelength multiplex amplification requires 
to determine powers of the ASE light at the wavelengths of 
the signal lights. However, it is difficult to determine 
the powers. 

The description will be given with respect to this 
problem. 

Fig. 13A shows an example of light powers Pin.^, P^^. 
2' Pin-n spectrums of an wavelength multiplex signal 
light inputted to the optical amplifier 103 which respec- 
tively correspond to wavelengths A^. Fig. 

13B shows an example of light powers P . , p 

*^ out-1' '^out-2 ■ 

Pout-n °^ spectrums of amplified signal lights outputted 
from the optical amplifier 103 which respectively correspond 

to the wavelengths X X ^ A „ . These light powers 

of the spectrums may be asily measured by an optical 
spectrum analyzer. 

However, it is impossible to directly determin the 
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light powers PasES-1' PaSES-2 • ^ASES-n of the ASH light 

corresponding to the wav lengths ^ i. ^2 • -^n^ cause 

the ASE light is outputted from the optical amplifier to- 
gether with the amplified signal lights and the light powers 
of the ASE light at the wavelengths A^^, A. 2 > •••• k ^ are 
buried in the light powers the the amplified signal lights. 

In order to obtain the light powers P^SES-l ' ^ASES- 
2, .... ^ASES— n °^ •^^^ light, it is necessary to deter- 

mine the light powers of the output light of the optical 
amplifier at wavelengths neighboring the wavelengths A ^, 
k. 2 . A-jj and to interpolate the light powers PaSES— 1 ' 

Pases— 2 • •••• ^ASES— n the light powers' at the 

neighboring wavelengths as shovm in Fig. 14. 

However, such a manual operation is difficult and 
labor. Furthermore, the analysis by the spectrum analyzer 
is influenced by a stray light. Therefore, it is difficult 
to accurately interpolate the light powers PaSES-1 • ^ASES- 

2 . • • • . pASES-n • 

There is a method to suppress the input signal light of 
the opt ical . ampl i f i er by using a light polarization control- 
ler and a polarizer in order to improve the accuracy of the 

interpolation of the. ASE light powers PaSE-1 • ^ASE-2 

^ASE-n °^ ^° reduce the influence due to a stray light. 
However, it is difficult to accurately determine the ASE 
light powers even if the method is used.^ 

Furthermore, the influence of the stray light is 
increas d when the steps between the wavelengths of the 
multiplexed signal :1 ights are very short or less than the 
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resolution of the optical spectrum analyzer as shown in Fig 
15. Thus, the m asurement rror of th ASE light powers is 
increased due to the influence. Therefore, it is very 
difficult to accurately and smoothly determine the wave- 
length multiplex amplification characteristics of the opti- 
cal amp 1 i f i e r . 

Summary of the Invention 



Accordingly, it is an object of the present invention 
to provide a device and a method which can accurately and 
automatically evaluating gains and noise figures of wave- 
length multiplex amplification by an optical amplifier in a 
condition as same as that of an actual wavelength multiplex 
light communication system. 

In an aspect of the present invention, there is provid- 
ed an optical amplifier evaluating device comprising light 
generating means for generating a wavelength multiplex 
signal light which includes a plurality of signal lights 
having different wavelengths and having intensity envelopes 
modulated by different modulation frequencies which are 
enough higher than an atom life time in a high energy level 
or a carrier life time in an amplification medium of an 
optical amplifier to be evaluated, and for supplying the 
wavelength multiplex signal light to the opt i cal ampl i f i er ; 
0/E conversion m ans for conv rting an output light of the 
optical amplifier to an e 1 ectr ic s ignal ; frequency discrimi- 
nating and power detecting .means for detec t ing s ignal powers 
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of fr quency spectrums which are includ d in th electric 
signal and respectively correspond to the modulation fre- 
quencies of the signal lights, and for detecting, a noise 
power of the electric signal at a frequency band which is 
apart from the modulation frequencies, and for outputting 
the signal powers and the noise power as parameters for 
evaluating gains and noise figures of an wavelength multi- 
plex amplification by the. optical amplifier. 

The present invention further provides an optical 
amplifier evaluating method comprising the steps of generat- 
ing a wavelength mult iplex. signal light which includes a 
plurality of signal lights having different wavelengths and 
having intensity envelopes modulated by different modulation 
frequencies which are enough higher than an atom life time 
in a high energy level or a carrier life time in an amplifi- 
cation medium of an optical amplifier to be evaluated; 
supplying the wavelength multiplex signal light to the 
optical amplifier; converting an output light of the optical 
amplifier to an electric signal; detecting signal powers of 
frequency spectrums which are included in the electric 
signal and respectively correspond to the modulation fre- 
quencies of the signal lights; detecting a noise power of 
the electric signal at a frequency band which is apart from 
the modulation frequencies; determining gains and noise 
figures of an wavelength multiplex amplification by the 
optical ampl i f ier based on the signal powers and the- noise 
power wavelength by wavelength. 
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Brief Description of the Drawings 

Fig. 1 is a block diagram showing a configuration of an 
optical amplifier evaluating device according to a first 
preferred embodiment of the present invention. 

Fig. 2A shows wavelength spectrums of an wavelength 
multiplex signal light supplied to an optical amplifier to 
be evaluated. 

Fig. 2B shows frequency spectrums of a signal power of 
the wavelength multiplex signal light. 

Fig. 3 shows wavelength spectrums of a light power of 
an output light of the optical amplifier. 

Fig. 4 shows frequency spectrums of a signal power of 
the output light of the optical amplifier. 

Fig. 5 shows frequency spectrums of signal powers of 
the input light and the output light of the optical amplifi- 
er. 

Fig. 6 is a block diagram showing the configuration of 
a modification of the first preferred embodiment of the 
present invention. 

Fig. 7 is a block diagram showing a configuration of an 
optical amplifier evaluating device according to a second 
preferred embodiment of the present invention. 

Fig. 8A shows wavelength spectrums of an output light 
of an optical band pass filter in the second preferred 
embodiment. 

Fig, 8B shows frequency spectrums of a signal power of 
the output light of the optical band pass filter. 

Fig. 9 is a block diagram showing a configuration of an 
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optical amplifier evaluating device according to a third 
preferred embodiment of the present invention. 

Fig. 10 is a block diagram showing the configuration of 
a modification of the third preferred embodiment of the 
present invention. 

Fig. 11 is a block diagram showing a configuration of 
an optical amplifier evaluating device according to a fourth 
preferred embodiment, of the present invention. 

Fig. 12A is a block diagram showing a configuration of 
an optical amplifier evaluating system according to a back- 
ground art.. .. 

Fig. 12B shows wavelength spectrums of an wavelength 
multiplex signal light supplied to an optical amplifier to 
be evaluated. 

Fig. 12C shows wavelength spectrums of an output light 
of the optical amplifier. 

Fig. 13A shows wavelength spectrums of a light power of 
an input light of the optical amplifier. 

Fig. 13B shows wavelength spectrums of a light power of 
an output light of the optical amplifier. 

Fig. 14 shows an interpolation of a power of an wave- 
length spectrum of an ASE light outputted from the optical 
amp lifier. 

Fig. 15 shows an influence of a stray light in the 
background art. 

Detailed Description of the ^Preferred Embodiments 
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A. First Preferr d Embodim nt 

[1] Configuration Of Preferred Embodiment 

(a) Overall Configuration 

Fig. 1 is a block diagram showing the configuration of 
an optical amplifier evaluating device according to a first 
preferred embodiment of the present invention. 

The role of the evaluating device is to evaluate char- 
acteristics of wavelength multiplex amplification by optical 
amplifiers such as an optical fiber amplifier or a optical 
semiconductor amplifier. . 

As described above? optical fiber amplifiers include an 
optical fiber having a core doped with a rare earth element 
such as an erbium or an praseodymium- In the optical fiber 
amplifier, an excitation light which has a different wave- 
length from the signal light is supplied to the optical 
fiber to excite the optical fiber. When a signal light is 
inputted to the optical fiber thus excited, the signal light 
is amplified. The semiconductor optical amplifiers are to 
directly amplify the signal light. 

As shown in Fig. 1. the optical amplifier evaluating 
device according to the preferred embodiment includes light 
sources l_j , ...^ o^n^j modulation signal generators 

2-1. 2_2. .... 2_^. and a light mixer 3, and an O/E convert- 
er 5. and a frequency discriminating and a power detecting 
device 6. and a computing section (the illustration is 
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omitted) . 



(b) Wavelength Multiplex Signal Light Generating Means 

In Fig. 1, the light sources l_i , 1_2 • ^-n' 
the modulation signal generators 2_j , 2_2 , .... 2-^, and the 
light mixer 3 constitute an wavelength multiplex signal 
light generating means for generating an wavelength multi- 
plex signal light having signal lights which have different 
wavelengths and different intensity envelopes modulated by 
different modulation frequencies. 

More specifically, the light sources Ij.^. 1^:2. ^ • - . !_„ 
respectively oscillate at different wavelengths ;L 1 • 2 

n* DFB-LDs (Distribution Feed Back Laser Diodes) 

which oscillate In a single mode at different center wave- 
lengths or TLSs which can control the wavelengths of the 
output light may be preferable for these light sources. 

The modulation signal generators , 2_2 , .... are 

respectively connected to the light sources l_j , 1_2 , 
1- n- '^^^ modulation signal generators respectively genei — 
ate sine wave modulation signals which have different modu- 
lation frequencies fj, f2. .... f^ to modulate the intensi- 
ties of output signal lights of the light sources. 

In this evaluation device, the modulation frequencies 
applied to the intensity modulation of the signal lights are 
determined so as to be higher than a frequency corresponding 
to a signal ext inct t ime constant , of an ampl i f i cat ion medium 
of an optical ampl i fier which i s to be evaluated . 

If an optical ampl,t:f,ier to be valuated is :an optical 
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fiber amplifier which has a cor doped with a rar earth 

1 ment , the extinct time constant d pends on an atom lif 
time in the high energy level. In this case, therefore, the 
modulation frequencies are determined so as to be more than 
10 kHz. If the optical amplifier to be evaluated is a 
semiconductor amplifier, the extinct time constant depends 
on the carrier life time in the semiconductor. In this 
case, therefore, the modulation frequencies are determined 
so as to be more than 1 GHz. 

Under the intensity modulation by the modulation signal 
generators, the light sources l:::jv ilgv l_j^ rfeispective- 

ly generate signal lights having different wavelengths A 
^ 2* •••• n having different intensity envelopes 

modulated by different modulation frequencies fj^', f g , 
^n- ' ' 

These signal lights are mixed by the light mixer 3. As 
a result, an wavelength multiplex signal light including 
these signal lights is generated by the light mixer 3. The 
wavelength multiplex signal light thus generated is supplied 
to an optical amplifier 4, the characteristic of which is to 
be determined, via an input-side terminal 4_j^ of the evalu- 
ating device. 

(c) Optical Amplifier To Be Evaluated 

Th wavelength multiplex signal light is amplifl d by 
the optical amplifier 4 which is to be evaluated. The 
wavelength multiplex signal light thus amplified includes 
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the signal lights which has different wavelengths and dif- 
ferent intensity envelop s modulated by different modulation 
frequencies. Furthermore, the modulation frequencies ap- 
plied to the intensity modulation of the input signal lights 
of the optical amplifier are higher than a frequency corre- 
sponding to a signal extinct time constant of an amplifica- 
tion medium of the optical amplifier. Therefore, the signal 
lights are independently amplified not so as to interact. 

The detailed description will be given with respect to 
this ef f ect . 

I f a signal 1 ight modulated by such a high frequency as 
described above is amplified by an. optical amplifier^ the 
directive component of the signal light is not only ampli- 
fied but also the alternative component (modulated signal 
component) of the signal light is amplified. This effect 
exists when a plurality of signal lights having different 
wavelengths are simultaneously amplified by the optical 
amplifier. In this case, the signal lights having different 
wavelengths are independently amplified not so as to inter- 
act even if the intensities of the signal lights are modu- 
lated by different modulation frequencies. 

Therefore, the gains of the wavelength multiplex 
amplification by the optical amplifier wavelength by wave- 
length can be determined by determining differences between 
the signal powers of the alternative components (modulation 
signal powers) of the input signal and those of the output 
signal frequency by frequency." . 
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The preferr d embodiment is. to d terrain gains and 
noise figures of wav 1 ngth multipl X: amplification by th 
optical amplifier 4 by taking advantage of this effect. 

< 

(d) 0/E Converter 

The O/E converter 5 receives an output light of the 
optical amplifier 4 via an output-side terminal 4_2 of the 
evaluating device. 

The output light thus received includes amplified 
signal lights corresponding to the wavelength multiplex 
signal light , and an ASE light havdaig; a: plurality : of wave- 
length spectrums in a broad b&nd. 

The O/E converter 5 converts this output light to an 
electric signal. 

In this conversion, shot noises corresponding to the 
amplified signal lights are generated wavelength by wave- 
length and a shot noise corresponding the ASE light is 
generated. 

Furthermore, when the amplified signal lights and the 
ASE light having a plurality of spectrums are converted to 
an electric signal, a mixing of signals of these lights is 
carried out. As a result, beat noises are generated by 
mixing of different wavelength signal lights, and by mixing 
of the signal light and the ASE light, and by mixing of 
different spectrums of the ASE light. 

Th refore, an electric signal including signal s - corre- 
sponding to th amplifi d signal lights and a noise includ- 
ing the shot noises and the beat noises described above ar 



17 



outputt d from th O/E converter 5. 

Such a nois is also gen rated in actual wavelength 
multiplex light communication systems. In these systems , 
O/E converters are often provided for respectively receiving 
signal lights, which are included in a received wavelength 
multiplex signal light. Furthermore, optical EPFs (Band 
Pass Filters) i the middle wavelengths of the pass bands of 
which correspond to the wavelengths of the amplified signal 
lights, are provided In front of the O/E converters in order 
to reduce the powers of the noises. 

In the evaluating device according to the preferred 
embodiment, in order to determine gains and noise figures of 
the optical amplifier 4, the optical amplifier carries out 
an wavelength multiplex amplification closed io that which 
is carried out in actual wavelength multiplex light communi- 
cation systems. Therefore, gains and noise figures closed 
to actual gains and noise figures of the wavelength multi- 
plex amplification are determined. 

(e) Frequency Discriminating And Power Detecting Device And 
Computing Section 

The frequency discriminating and power detecting device 
6 detects parameters, which are to be used for calculating 
the gains and the noise figures, from the electric signal 
outputted, by the O/E converter. 

More specifically, th fr quency discriminat ing -and 
power detecting device 6 detects modulation signal powers 
emodout-1 ' *^ modout-2 ^emodout-n^"^ ^ total noise 
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power N^Q^.g^^ from th output lectric signal of the 0/E 
converter 5. 

The modulation signal powers Pemodout-1. Pemodout- 

2 ^emodout-n powers of signals which are included 

in the electric signal and have signal frequencies respec- 
tively corresponding to the modulation frequencies f^^, 
^2' •••> ^ n" These signals correspond to the above-de- 
scribed alternative components of the amplified signal 
lights which have different wavelengths and different inten- 
sity envelopes. The modulation signal powers P ^ ^ , 

emodout— 1 • 

Pemodout-2 • , • %• • ^eino?iput;-n ^''^^ parameters to be used for 
calculating the gains of the wavelength multiplex amplifica- 
tion by the optical amplifier 4 wavelength by, wavelength. 

The total noise power N^q^j^i is a parameter which is 
necessary for calculating the noise figures. 

Prior to describe the noise figures, the description 
will be given with respect to the noises generated in the 
evaluating device. 

As described above, the output light of the optical 
amplifier 4 includes the ASE light except for the amplified 
signal lights. This ASE light is generated by a stimulated 
mission in an amplification medium of the optical amplifier 
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More specifically, a population inversion is caused . 
between different energy levels in the amplification medium 
by supply of an excitation light. When a signal light 
having an energy corresponding to a energy b twe n. different 
energy 1 vels which are in a population inversion state. 
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excit d atoms, which have been excited in the high en rgy 
level by the population inversion, fall in a ground state by 
a stimulated emission. However, the all atoms in the popu- 
lation inversion state do not fall in the ground state by 
the stimulated emission but a part of the atoms spontaneous- 
ly fall in the ground level by a spontaneous emission. In 
this spontaneous emission, an incoherent ASE light which is 
different from the amplified signal light is emitted. The 
light power of the ASE light is not constant but depends on 
the intensity of the input light of the optical amplifier. 
Therefore, if the input light power is increased, the light 
power of the ASE light generated by the spontaneous emission 
is decreased. 

Next, the description will be given with respect to 
beat noises. 

If the optical amplifier 4 outputs a light including an 
amplified signal light and an ASE light, and the output 
light is converted to an electric signal by the O/E convert- 
er 5, the following beat noises are generated in a broad 
band by a mixing. 

a. beat noises generated by mixing of the signal light and 
spectrums of the ASE light ' 

b. beat noises generated by mixing of different spectrums 
of the ASE light. 

When the signal power of the input light is low. the 
S/N ratio, of the; output signal of the O/f converter depends 
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on the pow r of the noises b, wh reas when the signal power 
is high, the S/N ratio depends on the noises a.. 

In the wavelength multiplex amplification, the optical 
amplifier outputs the amplified signal lights having differ- 

nt wavelengths and an ASE light including spectrums in a 
broad band. Therefore, the following beat noises are gener- 
ated when the output light of the optical amplifier is 
converted to an electric signal. 

a'. beat noises generated by mixing of signal lights and 
spectrums of the ASE light - ^ o , r 

b*. beat noises generated by mixing of different spectrums 
of the ASE light. 

c* . beat noises generated by mixing of different wave- 
length signallights 

In the above noises, the beat noises c' have a broad 
band. Therefore, it is difficult to separately detect the 
b at noises. 

In the actual wavelength multiplex light communication 
system, receivers are provided for signal lights included in 
a received wavelength multiplex signal light. Each receiver 
may receive a signal light having a single wavelength. 
Therefore, optical EPFs having narrow pass bands, the center 
wavelength of correspond to signal lights to be received, 
are respectively provided in fr nt of the rec iv rs . - The 
S/N ratio of th output signal of each receiver depends on 
th powers of the above-described noises a. In this case. 
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the powers of the noises b are low. 

In the evaluating device, a total intensity noise 
including beat noises generated by mixing of the signal 
lights and the spectrums of the ASE light, and beat noises 
generated by mixing of different spectrums of the ASE light, 
the shot noises corresponding to the signal lights, and the 
shot noises corresponding to the ASE light is determined as 
the total noise power N^^^^^j^ as described above. 

That is to say, the frequency discriminating and power 
detecting device 6 detects a noise power of the output 
signal of the 0/E converter at a frequency band which is 
apart from the modulation frequencies. This detected noise 
power is used as the power of the total intensity noise, 
i.e., the total noise: power N^^j^^j . 

The computing section determines gains and noise figures 
of a wavelength multiplex amplification by the optical 
amplifier wavelength by wavelength based on the signal 
powers and the total noise power detected by the frequency 
discriminating and power detecting device 6. 

Meanwhile, the signal lights inputted to the optical 
amplifier 5 have relative intensity noises. These relative 
intensity noises are generated by the light sources 2-1, 2- 
^' 2-n, and are to be removed in the evaluation of the 

noise figures of the optical amplifier 4. 

In the evaluating device, the computing section cor- 
rects the total, noise power based on the rielativ intensity 
noises of the light sources when determining the noise 
f igures . 
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[2] Op ration Of Preferr d Embodiment 

Next, the operation of the first preferred embodiment 
will be described. 

Fig. 2A shows wavelength spectrums of a light power of 
an wavelength multiplex signal light inputted to the optical 
amp 1 i f i e r 4 . 

As described above, the input wavelength multiplex 

signal light includes signal lights which are respectively 

generated by the light sources 2,2 9 =„w *- k 

,1.' -2* ' * • f n these 

signal lights respectively have the wavelengths A ^ . A 2 

..... A 

Therefore, these wavelength spectrums respectively have 

light powers P- < P. ^ d 

in-l» '^in-2' •••• ^in-n* *s shown an Fig. 2A, 

are included in the wavelength multiplex signal light. 

Fig. 2B shows frequency spectrums of a signal power of 

the wavelength multiulex siimni i ^ 

uiuauipxex signal light inputted to the opti- 
cal amplifier 4. 

In the input wavelength multiplex signal light, the 
intensity of the signal lights having the wavelengths A ^, 

^ ^ n respectively modulated by the modulation 

frequencies f , . f^. i„ ^^e other word, these 

signal lights respectively have alternative components which 

respectively have frequencies f, f„ f 

1 • 2 ' * * • • ^ n * 

In the example shown in Fig. 2B. the alternative compo- 
nents corresponding to the modulation frequencies f^. 

^2' fn *»ave modulation signal powers P p 

'^emodin-l' ^« 
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din— 2' • • • ' emodin— n" 

The wavelength multiplex signal light is amplified by 

the optical ampl i f ier. 4 . Fig. 3 shows wavelength spectrums 
of the output light of the opt ical. ampl if ier 4. 

The output light of the optical amplifier 4 includes 
amplified signal lights which correspond to the input wave- 
length multiplex signal light. In Fig. 3, Pout-1 ' ^out- 
2' ••• t Pq^^.jj respect ively designate the light powers of 
these amplified signal lights. 

The output light of the optical amplifier 4 further 
includes an ASE light. As shown in Fig. 3, the ASE light 
has spectrums in a broad band. The ASE light is generated 
by a spontaneous emission and amplified in the amplification 
medium of the optical amplifier. 

The wavelength multiplex signal light supplied to the 
optical fiber 4 has signal lights having the wavelengths 
A J, -i. 2 ' •••> -A n ^""^ modulated by the different modulation 
frequencies fj. f2. •••• are independently amplified by 

the optical amplifier 4. In the amplification by the opti- 
cal amplifier 4, the both directive component and the alter- 
native components (modulation signals) included in the 
signal lights are amplified, and the alternative components 
are independent ly amp 1 i f i.ed not so as to interact. There- 
fore, the output light of the optical amplifier 4 includes 
alternative components which are obtained by- independently 
amplifying the alt rnative components of the input light. 
Fig. 4 shows frequency spectrums of a signal power of the 
output light of the optical amplifier. 
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The electric signal obtain d from the 0/E converter 5 
includ s alternative components respectively having frequen- 
cies f^, f 2 , .... fjj. These components corresponding to the 
alternative components included in the output light of the 
optical amplifier 4. 

The frequency discriminating and power detecting device 
6 detects the powers of these alternative components fre- 
quency by frequency. The detected powers are the modulation 

Signal powers Pe„,odout-l • Pemodout-2 ^emodout-n 

described above. In Fig. 4. the modulation signal powers 

^emodout-l.',.?emodoAit^-r2;», . : • f emodoutrrn • >i ^y^**"^*-®,** • 

Fig. 5 shows the frequency spectrums of signal powers 
of the input light and the output light of the optical 
amplifier 4. As shown in Fig. 5, the modulation signal 
powers Pemodin-l- ^emodin-2 • ^emodin-n °^ input 

light of the optical amplifier 4 respectively correspond to 
the modulation frequencies fi. f2. .... f^ . and the modula- 
tion signal powers P_„-j„..* i . P j ^ « P 

emodout-1 ' ^emodout-2 • •••• *^emodout-n 

of the output light also respectively correspond to the 

modulation frequencies t^, f^^. 

The electric signal outputted from the 0/E converter 5 
further includes a noise including the shot noises and the 
beat noises which are added in the 0/E conversion. The 
noise spectrum density <in^> of the noise added in the O/E 
conversion is determined as follows: 

<in2> = 2e(77e/hv) [GP j.^ + 2n^p h v (G-1 ) A v . 

■^4(ve/hu) 2 [ngp hi/(G-l)GP 

f(n3phv(G-l)) 2 Av ^p_3p ] 
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. +(T7e/hv) 2 p. ^2 q2 j^jjj 

... . (11) - 

In the above equation (11), e is an electric charge of 
an electron, and is a quantize efficiency of the O/E 
converter . 4, and sp^^ equivalent noise band width of 

the shot noise of the ASE light, and ^„ ^„ is an equiva- 

sp^sp ~ 

lent noise band width of beat noises which are generated by 
mixing of different spectrums of the ASE light, and RIN is a 
relative intensity noise of the light source. 

In the equation (11), the first item defines the shot 
noise of the amplified signal light, and the se-cbiid item 
defines the shot noise of the ASE light, and the third item 
defines the beat noise generated due to the signal light and 
the ASE lights, and the fourth item defines the beat noise 
generated due to the ASE lights having different wave- 
lengths. These noises are generated in the amplification by 
the optical amplifier 4. 

However, the f i f th . i tem of the equation (11) is not a 
noise generated in the amplification but is an intensity 
noise included in the input signal light of the optical 
fiber 4. Therefore, the fifth item is to be rejected from 
the noise generated by the optical amplifier 4 in order to 
accurately determine the noise figures. 

The frequency discriminating and power detecting device 
6 detects a noise power of the Output signal' of the O/E 
converter at a frequency band which is' enough apart from the 
modulation frequencies. This detected noise power is used 
as the total noise power N^^^^j ; In Fig. 5 , the- total hb'i se 
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pow r N^Q^g^j which is det Cit d by the fr quency discriminat- 
ing and power d t ctingd vice 6 is designated. 

The total noise detected by the frequency discriminat- 
ing and power detecting device 6 includes and a background 
noise which has a power Nq^ and is generated by the frequen- 
cy discriminating and power detecting device 6, except for 
the above— described shot noises and beat noises generated in 
the 0/E conversion, and the total noise has the noise spec- 
trum densities <i^^> defined in the above equation (11). In 
Fig. 5, the power NgQ of the background noise is designated. 

As is indicated in , the - equat ion • (11) . the total , noise . , 
power N^Q^^j includes a power of RIN. In order to accurate- 
ly determine the noise figures, this power is to be rejected 
from the total noise power N^otal ' preferred embodi- 

ment, the RIN of the light sources 1_^ . l.g. .... !_„ are 
previously determined prior to the evaluation of the noise 
figures. When calculating the noise figures wavelength by 
wavelengths, the power of the RIN thus determined is sub- 
tracted from the total noise power N^^^^^ . in Figs. 2B and 
5, a power of RIN of light sources is designated on a curve 
indicating a signal power of the output light of the optical 
amp 1 i f i e r 4 . 

The noise figure F of the optical amplifier 4 is deter- 
mined as the ratio of the SNR^„ regarding to the shot noise 
of the input signal light of the optical amplifier 4 and the 
^'^^out regarding to the output light of the optical amplifi- 
er 4 as follows: 

SNRin=Pin/(2hvBe) , ..;(12) 
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SNRout=<'?eGP in / hv) 2 / [ (N^^^^j - NgQ ) 
-(r? /hv) 2 p. ^2 Rji^ 3 B 

... (13) 

F=SNR.„/SNRo^t .. .(14) 

In the above equations, Be is a receiving band width of 
the O/E converter 5. 

The noise figure F is determined by entering the SNR^^ 
of the equation (12) and the SNR^^^ of the equation (13) 
into the equation (14) as follows: 

P=t(Ntotal-NBG) 

-(77e/hv) 2 p. ^2 g2 RIN] /. [ 2 77 eP / ( h > ) ] 

. . . . (15) 

When a light current which flows through the O/E con- 
verter 5 and corresponds to the input light is Ip^o' ^in 
of the equation (15) is defined as follows: 

Pin=(hv/r;e)I ...(16) 

Therefore, the above equation (15) is rewritten as 
foil ows : 

^=t<Ntotal-NBG) 

-°^Vo^«^N] / (2,,eG 2 ip^^) 

• • • ( 17) 

In the above equation (17), G is the gain of the opti- 
cal amplifier 4. The gain G is defined by the modulation 
signal power Pemodin-k > 2, .... n) of the input signal 

light of the optical amplifier 4 and the modulation signal 
power Pemodout-k (*^=1. 2, .... n) of the amplified signal 
light outputted from the optical amplifier 4 as fol.lows: 

<^=(Pfmodout-kV Pemodin-k^^''^ ■ .v:-Ue:): > 
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The gains of th wavelength multiplex amplification by 
the optical amplifi r 4 can b determined by using the above 
equation (18) wavelength by wavelength! 

In the equation (17), the parameters except for the 
gain G are detected by the frequency discriminating and 
power detecting device 6 in the evaluation or has been 
previously determined prior to the evaluation. Thus, the 
noise figures F of the wavelength multiplex amplification 
can be determined wavelength by wavelength according to the 
equation ( 17) . 

The calculation of the gains and noise figures "are 
performed by the computing section. 

[3] Modifications 

There are modifications in the first preferred embodi- 
ment as follows: 

(a) If it is possible to determine relative intensity 
noises of the input signal lights and the output signal 
lights of the optical amplifier 4. the noise figures can be 
determined by another method. That is to say. when relative 
intensity noises of an input light and an output light are 
respectively defined as RIN^^p^^ and RIN^^.p^, . the noise 
figure F of the optical amplifier 4 is determined as fol- 
lows: 

^=^^^Nj,^^p^^-RINi„p^^)p.^/2hv ...(19) 

Therefore, the nois figures may be determin d accord- 
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ing to the equation (19) using the RINjnput and RIN 
thus determined. 



(b) Fig. 6 shows a modification of the first preferred 
embodiment. In this modification, light sources 2_^, 2_ 
2' ^-n respectively generates signal lights having 

different wavelengths and constant intensities. Light 
modulators 7_^, T.g. are provided for the light 

sources; These light modulators 7_^, 7_2 . .... 7 _^ respec- 
tively modulate the intensities of the signal lights by the 
modulation signals which have different modulation frequen- 
cies and are generated by the modulation signal g:enerators 
2-1' 2_2. .... 2_jj. The modulated signal lights obtained 
from the light modulators are mixed by the light mixer 3 to 
generate a wavelength multiplex signal light which is to be 
supplied to the optical amplifier 4. 

In this modification, operations and effects which are 
as same as those of the first preferred embodiment are 
obtained . 

B. Second Preferred Embodiment 

Fig, 7 is a block diagram showing the configuration of 
a a noise figure evaluating device for wavelength multiplex 
amplification according to a second preferred embodiment of 
the pres nt invention. 

In Fig.. 7. an wavel rigth multiplex signal light genera- 
tor 8 corresponds to the -l ight sources . l_o . • . 1_ 
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and the modulation signal generator 2_ ^ , 2_2 , .... 2_^, and 
th light mixer 3 of the first pref rr d embodim nt (Fig. 
1). A wavelength multiplex signal light is generated by the 
wavelength multiplex signal light generator 8 and is sup- 
plied to the input terminal 4_j^ of the optical.; ampl ifier 4. 

The output light of the optical amplifier 4 is supplied 
to an optical BPF 9. This BPF has a narrow pass band width 
and the center wavelength of the pass band corresponds to 
one of the wavelengths of the amplified signal lights out- 
putted from the optical amplifier 4. A signal light passing 
through the BPF 9 (i.e., the output, light of the BPF,-9.) is . 
supplied to the O/E converter 5. 

Fig. 8A shows wavelength spectrums of the wavelength 
multiplex signal, light passing through the BPF « ; When the 
the output light of the optical amplifier 4 pass through the 
BPF 9, the levels of the wavelength spectrums of the output 
light are limited to very low except for a wavelength spec- 
trum corresponding to a center wavelength of the pass band 
of the BPF as shown in Fig. 8A. Therefore, in the total 
signal power received by the O/E converter 5. the powers of 
the signal lights having the wavelengths out of the pass 
band of the BPF 9. are decreased. Furthermore, the wave- 
length band of the ASE light supplied to the O/E converter 
5 is reduced. Therefore, the electric power which corre- 
sponds to the ASE light is also reduced. 

Fig. 8B shows fr quency sp ctrums of th output - signal 
of the O/E converter 5 which ar detected by th frequency 
discriminating and power detecting device 6. In the modula- 
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tion signal powers Pen,odin-l ■ Pemodin-2' ' • • • Pemodin-n 
detected by the frequ ncy discriminating and power detecting 
device 6, the powers of frequency spectrums corresponding to 
the wavelength spectrums which are out of the pass band of 
the BPF 9 are limited as shown in Fig. 8B . As a result, 
powers of beat noises generated by mixing of different 
spectrums of the ASE light and by mixing of signal lights 
and spectrums ; of : the ASE light, and powers of the signal 
lights having wavelengths out of the pass band are reduced 
in the total noise. Therefore, a reduced total noise power 
is detected by the frequency discriminating and power de- 
tecting device 6. 

In actual wavelength multiplex light transmitting 
devices, light receivers are provided for the signal lights 
of the transmitted wavelength multiplex signal light and 
optical EPFs are respectively provided in the input sides of 
the light receivers to pass the signal lights having desired 
wavelengths. In this configuration, each signal is received 
by one of the light receivers in order to reduce the beat 
noises between the different signal lights, and between the 
signal noise and the ASE light, the ASE lights having dif- 
ferent wavelengths. 

In the preferred embodiment, therefore, the gains and 
the noise figures of the wavelength multiplex amplification 
are determined wavelength by wavelength in a condition 
closed to that of the actual wavelength multiplex transmis- 
sion system. The cal cii lat i on of t he noise figures are 
carried out according to the equat ion ' (17 ) . 
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The second preferred embodiment d scribed above may be 
modified in order to • improve the performance. In a mbd'ifi d 
embodiment of the second preferred embodiment, TLSs are used 
instead of the light sources in the wavelength multiplex 
signal light generator 8. Narrow band optical -BPF (OTF) . 
the center wavelength of the pass band of which- can be 
controlled to a desired wavelength, are provided instead of 
the BPF 9. When changing the wavelength of one of the 
signal lights generated by the TLSs. the center wavelength 
of the pass band of the OTF is automatically controlled so 
as to track in the wavelength of the signal light. 

In this modified embodiment, it is possible to deter- 
mine wavelength dependence characteristics of the gains and 
the noise figures of the opt it-al amplifier '4; ^ c- 

C. Third Preferred Embodiment 

Fig. 9 is a block diagram showing the configuration of 
a a noise figure evaluating device for wavelength multiplex 
amplification according to a third preferred embodiment of 
the present invention. 

In Fig. 9. the wavelength multiplex signal light 
generated by the wavelength multiplex signal light generator 
8 is supplied to the input terminal 4.^ . The wavelength 
multiplex Signal light thus supplied has signal lights 
respectively having diff rent wav lengths X ^, Ji^, x ^ 

and the intensities of the signal lights are respectively 

modulated by different modulation freau nci s f, f 

1 ' 2 
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f^. The wavelength multiplex signal light is amplified by 
the optical amplifier 4. 

The output light of the optical amplifier 4, which is a 
wavelength multiplex signal light, is supplied to a light 
divider 10 via the output terminal 4_2 and is thereby divid- 
ed into signal lights having the different wavelengths. The 
signal lights thus divided are respectively converted to 
electric signals by O/E converters 5_j^ , 5„2 • - . 5-^. 

Frequency discriminating and power detecting devices 6_ 
l> 6-2' •••• ^-n respectively detect modulation signal 
powers, the ^frequencies of which are f^, f 2 . .. ., f^j, from 
the divided signal lights supplied thereto. 

The other operation is as same as that of the above- 
described first preferred embodiment . 

In the third preferred embodiment, an effect which is 
as same as that of the first preferred embodiment is ob- 
tained. 

Fig. 10 shows a modification of the third preferred 
embodiment. In Fig. 10, the divided signal lights outputted 
from the light divider 10 respectively pass through optical 
EPFs , 9_2 , 9_:n- The center wavelengths of the pass 
bands of these EPFs .9_i , 9_2 9_n respectively corre- 
spond to the wavelengths A . A 2 . ^2 • "^^^ divided 
multiplex signal lights are respectively limited by these 
EPFs and the multiplex signal lights , the wavelength- band 
of which are limit d by th BPFs . are respectively converted 
to electric signals by th . O/E converters 5_^; 5_2, 5_ 
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In the modification, an eff ct which is as same as that 
of th second preferr d mbodim nt is obtained. 

D. Fourth Preferred Embodiment 

Generally, erbium-doped optical fibers, which are 
amplification medium of optical fiber amplifiers, are 
product by doping erbium in the cores of single-mode optical 
fibers, the transmission characteristics of which are inde- 
pendent of the planes of polarization of the input light. 

If light is ihjautt^d- to aft' fe^bium-doped optical fiber 
for exciting the optical fiber and amplification phenomenon 
is thereby caused in the optical fiber, the amplification 

thus caused is ihdei>6hdent-of the pikne of ' po ^f 
the input -1 ight. • ■ ■ ■. < , , 

Therefore, it is possible to constitute an erbliim-doped 
optical fiber amplifier, the characteristics of which are 
independent of the plane of polarization of the input light, 
by combinating an erbium-doped optical fiber and an optical 
isolator or an optical filter, the characteristics of which 
are independent of plane of polarization of light. Studying 
or development is vigorously carried out at present for 
producing such an erbium-doped optical fiber amplifier. 

On the other hand, therd are other type of optical 
amplifiers, the amplification dharacteristics of which are 
d pend nt of the plane of polarization of the input light. 

For example, th re ar optical fibers such as PANDA 
optical fibers, the transmission characteristics of which 
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are dependent of the plane of polarization of .the input 
light. If erbium is doped in the core of this typ,e of 
optical fiber, it is possible to produce an e rb i um— doped 
optical fiber amplifier, the amplification characteristics 
of which are dependent of the plane of polarization of the 
input 1 ight . 

In production of semiconductor laser amplifiers, active 
layer for amplifying light should be formed so that the 
thickness and the width of the layer have a same size. 
However, it is difficult to accurately adjust the width and 
the layer of the active layer. Therefore, the most semicon- 
ductor optical amplifiers product have the amplification 
characteristics dependent of the plane of polarization of 
the input light. 

In these type of optical amplifiers, the gain of the 
amplification and the power of the. output light are depend- 
ent of the plane of polarization of the input light. Fur- 
thermore, the ASE light outputted from the optical amplifier 
is dependent of the plane of polarization of the output 
surface of the amplifier. 

If the waveform multiplex amplification is carried out 
by the optical amplifier described above and the gains and 
the noise figures of the amplification are to be evaluate, 
it is necessary to determine the gains or the ASE light 
powers which correspond to the plane of polarization of the 
amplified signal light obtained from the semiconductor 
optical amplifier. 

The fourth preferred embodiment is to pr,py;i,de. a noise 
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figure valuating device which can determin gains and noise 
figur s of an optical amplifi rs which has characteristics 
dependent of the plane of polarization of the input light. 

Fig. 11 is a block diagram showing the configuration of 
the fourth preferred embodiment. 

In Fig. 11, light sources 1_^ , 1_2 , .... output 
signal lights having different wavelengths and the intensi- 
ties of the signal lights are respectively modulated by 
different modulation frequencies. The signal lights thus 
generated are respectively supplied to polarization control- 
lers 1^-2' •••• planes of polarization of 
the signal lights are thereby respectively controlled. 
Therefore, it is possible to control the planes of polariza- 
tion of the signal lights so that the all signal lights have 
a same plane of polarization or so that one of the signal 
lights have a plane of polarization different from those of 
the other signal lights. 

The signal lights outputted from the polarization 

controllers ll.^. ^^.e mixed by the light 

mixer 3 to generate a wavelength multiplex signal light. 
The wavelength signal light is supplied to the input termi- 
nal 4_j of the optical amplifier 4. the noise figures of 
which are to be determined. This optical amplifier 4 has a 
dependence of amplification characteristics on the plane of 
the polarization of the input light. 

The wavel ngth multiplex signal light is amplified by 
the optical amplifi r 4 and the output light of the optical 
amplifier 4 is outputt d from th output t rminal 4_2 . Th 
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output light includes amplified signal lights and an ASE 
light which are g lierat d by the spontaneous mission of the 
amplification medium of the optical amplifier . The ampli- 
fied signal lights have different wavelength and the planes 
of polarization of them correspond to those of the input 
signal lights of the light mixer 3 which have been respec- 
tively controlled by the polarization controllers 11_ 

2 In contrast, the ASE light includes spec- 

trums in a: broad band. The spectrums have irregular planes 
of polarization or a plane of polarization peculiar to the 
optical amplifier 4. 

The output light of the optical amplifier 4 is supplied 
to the O/E converter 4 via a polarization controller 12 and 
a polarizer 13. 

The polarization controller 12 controls the plane of 
polarization of the output light of the optical amplifier 4. 
As described above, the output light of the optical amplifi- 
er 4 includes the amplified signal lights having the planes 
of polarization which have been respectively controlled by 
the polarization controllers ll_i, 11_2> ^^-n 
ASE light having irregul ar planes of polarization or an 
peculiar plane of polarization. The planes of polarization 
of the. lights included in the output light of the optical 
amplifier 4 are rotated by the polarization controller 12. 
The polarizer 12 has a fixed plane of polarization. 
The planes of polari-zation of the output light of the 
optical amplifier 4 is controlled so that the k light having 
a desired plane of polar-ization is supplied to the 6/E 
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convert r at a maximum intensity. Such a control is 

easily performed by controlling the rotation angle of the 
plane of polarization applied to the input light so that the 
intensity of the output light of the polarization controller 
12 becomes a peak. 

The output light of the polarizer 13 is converted to an 
electric signal by the O/E converter 5_^. The frequency 
discriminating and power detecting device 6.^^ detects a 
signal power of a signal which is included in the electric 
signal and has a frequency corresponding to one of the 
modulation frequencies of the multiplexed signal lights. 

The signal powers are detected for the multiplexed 
signal light wavelength and wavelength. The gains and the 
noise figures of the wavelength multiplex amplification by 
the optical amplification 4 are determined based on the 
detected results. 

In the preferred embodiment, it is possible to deter- 
mine the dependence of the gain and the noise figures of the 
optical amplifier 4 on the planes of polarization of the 
input light or the output light. 

In a modification of the preferred embodiment, an 
optical BPF 9 is inserted between the polarizer 13 and the 
O/E converter 5_„ . The center wavelength of the pass band , 
of the BPF 9 corresponds to one of the wavelengths of the 
amplified signal lights. 

In this modification, th gains and nois figur s of 
the wavel ngth amplification closed to those of the actual 
wavel ngth multipl x light transmission device are deter- 
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mined . 



E. Modification Of Above Preferred Embodiments 

The computing device may be directly connected to the 
output terminal of the frequency discriminating and power 
detecting device. In this modification, the gains and noise 
figures of the wave lengt h mu 1 t ipl ex ampl i f i cat i on are auto- 
matically determined. 

In another configuration, the parameters detected by 
the frequency discriminating and power detecting device may 
be stored in a storage medium, such as a floppy disk, and the 
parameters thus stored may be read out by the computing 
sect ion . 
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What is claimed is: 



1. An optical amplifier evaluating device comprising: 
light generating means for generating a wavelength 
multiplex signal light which includes a plurality of signal 
lights having different wavelengths and having intensity 
envelopes modulated by different modulation frequencies 
which are enough higher than an atom life time in a high 
energy level or a carrier life time in an amplification 
medium of an optical amplifier to be evaluated, and for 
supplying the wavelength multiplex signal light to the 
optical amplifier; 

O/E conversion means for converting an output light of 
the optical amplifier to an electric signal; 

frequency discriminating and power detecting means for 
d tecting signal powers of frequency spectrums which are 
included in the electric signal and respectively correspond 
to the modulation frequencies of the signal lights, and for 
detecting a noise power of the electric signal at a frequen- 
cy band which is apart from the modulation frequencies, and 
for outputting the signal powers and the noise power as 
parameters for evaluating gains and noise figures of an 
wavelength multiplex amplification by the optical amplifier. 

2. An optical amplifi r evaluating d vice according to 
claim 1. further comprising computing means for d termining 
gains and noise figures of a wavelength multiplex amplifi- 
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cation by the optical amplifier wavelength by wavelength 
based on the. signal powers and the noise power detected by 
the frequency discriminating and power detect ing means . 

3. An optical amplifier evaluating device according to 
claim 2i wherein the wavelength multiplex signal light 
generating means includes a plurality of light sources which 
generates said. signal lights, and the computing means cor- 
rects the noise power based on relative intensity noises of 
the light sources when determining the noise figures. 

4. An optical amplifier evaluating device according to 
claim 1, wherein the wavelength multiplex signal light 
generating means comprises a plurality of light sources for 
generating signal lights having different wavelengths; a 
plurality of modulation signal generator for supplying 
modulation signals having different frequencies to the light 
sources to modulate intensities of the signal lights, and a 
light mixer f or. mix ing . t he s i gnal lights to generate an 
wavelength multiplex signal light. 

5. An optical amplifier evaluating device according to 
claim 1. wherein the wavelength multiplex signal light 
generating means comprises a plurality of light sources for 
generating signal lights having different wavelengths; a 
plural ity of modulation signal generator * for generat ing 
modulation signals having different frequencies; a plurality 
of light modulators f op . respect ive ly Imodula't ing in tens i t i es 
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of the signal lights based on th modulation signals, and a 
light mixer for mixing th modulated signal lights to gen r- 
ate an wavelength multiplex signal light. 



6. An optical amplifier evaluating device according to 
claim 1. further comprising an optical band pass filter 
inserted between the optical amplifier and the O/E conver- 
sion means, the optical band pass filter, wherein a center 
wavelength of a pass band of the optical band pass filter 
corresponds to one of the wavelengths of the signal lights. 

7. An optical amplifier evaluating device according to 
claim 1. further comprising light dividing means for divid- 
ing the output light into signal lights having different 
wavelengths, wherein the O/E conversion means comprises a 
plurality of O/E converter for converting the divided signal 
lights to electric signals, and the frequency discriminating 
and power detecting means comprises a plurality of frequency 
discriminating and power detecting sections, each one of 
which receives each one of the electric signals, and detects 
the signal power of a frequency spectrum which is included 
in the received electric signal and corresponds to the 
modulation frequency of one the signal lights, and detects a 
noise power of the electric signal at a frequency band which 
is apart from the modulation frequencies, and for outputting 
the signal power and the noise power as parameters for 

valuating gains and noise figur s of an wav length multi- 
plex amplification by the optical amplifi r. 
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8. An optical amplifier evaluating d vie according to 
claim 1, further comprising polarization control means for 
controlling planes of polarization of the signal lights 
constituting the wavelength multiplex signal light supplied 
to the optical amplifier; and selecting means for selecting 
component corresponding to a desired plane of polarization 
from the output light of the optical amplifier, and for 
supplying the selected component to the O/E conversion 
means . . 

9. An optical amplifier evaluating method comprising the 
steps of: 

generating a wavelength multiplex signal light which 
includes a plurality of signal lights, having different 
wavelengths and having intensity envelopes modulated by 
different modulation frequencies which are enough higher 
than an atom life time in a high energy level or a carrier 
life time in an amplification medium of an optical amplifier 
to be evaluated; 

supplying the wavelength multiplex signal light to the 
optical amplifier; 

converting an output light of the optical amplifier to 
an electric signal ; 

detecting signal powers of frequency spectrums which are 
included in the e 1 e c,t r i c : s i gna 1 and respectively correspond 
to the modulation frequencies of the signal lights; 

detecting a noise power of the electric signal at a 
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frequ ncy band which is apart from the modulation frequen- 
cies; and 

determining gains and noise figures of an wavelength 
multiplex amplification by the optical amplifier based on 
the signal powers and the noise power wavelength by wave- 
length. 

10. An optical amplifier evaluating method according to 
claim 9. further comprising a step of correcting the noise 
power based on relative intensity noises of light sources 
which generates the signal lights. 

11. An optical amplifier evaluating method according to 
claim 9, further comprising the step of carrying out a band 
pass filtering operation on the output light of the optical 
amplifier, wherein a center wavelength of a pass band of the 
band pass filtering operation corresponds to one of the 
wavelengths of the signal lights. 

12. An optical amplifier evaluating method according to 
claim 9, further comprising the steps of controlling planes 
of polarization of the signal lights constituting the wave- 
length multiplex signal light supplied to the optical ampli- 
fier; and selecting component corresponding to a desired /' 
plane of polarization from the output light of the optical 
amplifier as a signal light which is to be conv rt d- to the 
el ctric signal. 
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